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Figure S1. Characterization of 3-D organoids (Related to Figure 1) 
(A) Representative images of iPSCs grown on Matrigel from WT (n=3) and MDS (n=3) individuals. (B) Representative images of WT 
and MDS-derived organoids after 2.5 weeks of suspension culture. (C-E) Quantification of organoid size at the indicated time points 
of suspension culture representing an average ± S.E.M. from WT and MDS individuals. In all cases, a single value was used per 
individual after averaging technical replicates. Scale bar=200µm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2. Confirmation of cortical neuroectoderm identity (Related to Figure 1) 
Representative examples of WT and MDS organoids after 5 weeks of suspension culture, characterized by expression of dorsal 
telencephalon progenitor marker PAX6 (red) and deep layer projection neuron marker CTIP2 (green), which confirm cortical 
neuroectoderm specification.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S3. Bundles of radial glia and neuronal processes are substrates for radial migration from organoids (Related to Figure 
3)  
(A, B) Immunostaining of neural processes that emerged from intact organoids after 3 days of adherent culture on Matrigel. Note how 
many cell nuclei are present on the processes in the WT, but not in the MDS sample, indicative of reduced migration. The processes 
appear to be bundles of radial glia fibers (BLBP, NESTIN) and neuronal projections (DCX, TUJ1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S4. Migration of iPSC-derived neurons on human cortical slices (Related to Figure 3) 
(A) Co-labeling of AAV1-cag-Tomato virus with CTIP2 and SOX1. (B-C) Quantification of co-labeling from (A). Average ± S.D. is 
shown for each individual. (D) Examples of WT and MDS migration from AAV1-cag-Tomato labeled organoids. (E) Schematic of 
organoid and cortical slice co-culture and migration assay. (F) Example of iPSC-derived tomato-labeled neurons migrating into the 
cortical slice after 4 days of co-culture. (G) Quantification of iPSC-derived tomato-labeled neurons’ position in the cortical slice.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S5. Additional examples of oRG- and IP-like cells in organoids (Related to Figures 5 and 6) 
(A) Immunostaining adenovirus CMV-GFP labeling confirms radial glia fate of unipolar cells that express SOX2 and 
intermediate progenitor fate of multipolar cells that express TBR2. (B,C) Frames from time-lapse imaging showing 
representative examples of MDS IP-like (B) and oRG-like (C) divisions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S6. Cerebral organoids differentiated from WT and MDS iPSC lines contain oRG-like cells (Related to Figure 5) 
(A) Heat map showing hierarchical clustering of all organoid cells based on genes previously annotated as cell type specific markers 
(Pollen et al., 2015 and Camp et al., 2015).  Interpretation of cell identity is provided below the heat map. (B) Heat map showing 
hierarchical clustering of single radial glia like cells (see Supplementary Experimental Procedures for details) based on the expression 
of radial glia marker genes derived from single cell analysis of primary human cortical tissue samples (Pollen et al., 2015). Genes are 
clustered based on correlation of expression levels across all radial glia cells. The main gene clusters are highlighted with different 
colors (left of heat map). Genes highlighted with the pale blue color are highly expressed in a subset of radial glia mostly derived from 
Wk10 and Wk15 organoids, and contain genes implicated in oRG cell identity (red bar). (C) Bar chart represents the fraction of 
captured RG cells which are classified as oRG-like based on the enriched expression of the pale blue gene cluster highlighted in (B). 
Proportion of oRG like cells out of all radial glia was significantly higher at week 10 (n = 29) than at week 5 (n = 57) (p<0.00001), 
and significantly higher at week 15 (n = 9) than at week 10 (p<0.01). “n” represents individual cells.  
 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Table S2. hIPSC experiments summary  
 
Analyses Relevant Figures 
Independent iPSC Clones Used in the Study  
WT (n=4 max) MDS (n=6 max) 
MDS 
rescue 
BJ
-4 
1323-
2 
1323
-4 
WTc
-10 
MDS2
-9 
MDS2
-10 
MDS3
-3 
MDS3
-4 
MDS4
-4 
MDS4
-15 
MDS1
r(17)-
1 
Organoid size (wk2.5 ) 1/S1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  
NESC apoptosis (wk5)  1 ✓ ✓ ✓   ✓ ✓ ✓   * *   
NESC spindle orientation (wk5) 2 ✓ ✓       ✓ ✓   * *   
Neuronal migration (wk5)  3/S3/S4 ✓ ✓ ✓ ✓ ✓ ✓   ✓ 
CTIP2 abundance (wk10) 4 ✓ ✓ ✓ ✓   ✓ ✓ ✓ * *   
single cell RNAseq (wk5-15) 5/S6  ✓ ✓ ✓ ✓ ✓ ✓  ✓     
oRG mitosis (wk10) 6/S5 ✓ ✓ ✓     ✓ ✓   * *   
Table S1. Metadata for all cells used in single-cell gene expression analysis (Related to Figure 5) Column	  A:	  Library	  ID.	  Column	  B:	  Number	  of	  genes	  detected	  above	  1	  CPM.	  Column	  C:	  C1	  single-­‐cell	  capture	  plate	  ID.	  Column	  D:	  Chamber	  call	  based	  on	  epifluorescence	  and	  phase	  imaging	  of	  single-­‐cell	  capture	  chambers.	  Chambers	  with	  a	  single	  live	  cell	  are	  labeled	  as	  analyze.	  Chambers	  in	  which	  viability	  dye	  failed	  to	  label	  a	  cell	  or	  in	  which	  possible	  debris	  from	  other	  cells	  was	  observed	  are	  labeled	  as	  warning.	  Chambers	  with	  multiple	  cells	  were	  not	  used	  in	  analysis.	  Column	  E:	  Cell	  source	  –	  includes	  in	  vitro-­‐derived	  organoid	  cells	  and	  primary	  cells.	  Column	  F:	  Genotype	  of	  iPS	  line.	  Column	  G:	  DonorID	  refers	  to	  the	  individual	  used	  to	  generate	  iPS	  lines.	  Column	  H:	  Clone	  refers	  to	  the	  iPS	  clone	  used	  for	  analysis.	  Two	  distinct	  iPS	  clones	  were	  used	  for	  analysis	  of	  donor	  MDS2	  and	  1323.	  Column	  I:	  Age	  of	  the	  organoid	  in	  weeks	  post-­‐differentiation	  from	  the	  iPS	  stage.	  Column	  J:	  Genotypic	  sex	  of	  the	  iPS	  line.	  Column	  K:	  Experimental	  batch	  in	  which	  organoids	  were	  generated.	  Column	  L:	  Labels	  denote	  replicate	  organoid	  samples	  started	  together	  in	  the	  same	  experiment	  from	  the	  same	  iPS	  line.	  Column	  M:	  Differentiation	  protocol	  used	  for	  iPSC-­‐derived	  cortical	  organoid.	  Column	  N:	  C1	  chip	  type.	  Column	  O:	  Denotes	  cells	  with	  FOXG1	  expression	  above	  1	  CPM,	  resembling	  telencephalic	  populations.	  Column	  P:	  Denotes	  cells	  with	  FOXG1	  that	  do	  not	  express	  DLX6,	  resembling	  the	  cortical	  excitatory	  neuron	  lineage.	  Column	  Q:	  Denotes	  cells	  inferred	  resemble	  cortical	  radial	  glia.	  	  
Table S2. hIPSC experiments summary (Related to Figures 1-5)	  	  This	  table	  indicates	  which	  iPSC	  clones	  were	  used	  in	  the	  experimental	  analyses	  and	  figures	  described	  throughout	  the	  paper.	  Asterisk	  (*)	  in	  the	  MDS4-­‐4	  	  and	  MDS4-­‐15	  columns	  indicates	  that	  we	  attempted	  to	  use	  these	  iPSC	  lines	  in	  the	  experiments,	  but	  the	  organoids	  were	  too	  small	  to	  analyze.	   
	  
Movie	  S1.	  Live	  imaging	  example	  of	  vertical	  division	  in	  the	  VZ-­‐like	  region	  of	  a	  week	  5	  organoid	  (Related	  to	  Figure	  2)	  
CMV-GFP adenovirus-labeled cell in the VZ-like region of a week 5 MDS organoid was imaged at 30-minute intervals 
over three days. Scale bar=20µm. 	  
 
Movie	  S2.	  Live	  imaging	  example	  of	  horizontal	  division	  in	  the	  VZ-­‐like	  region	  of	  a	  week	  5	  MDS	  organoid	  (Related	  to	  
Figure	  2)	  
CMV-GFP adenovirus-labeled cell in the VZ-like region of a week 5 MDS organoid was imaged at 30-minute intervals 
over three days. Scale bar=20µm. Annotations were added in PowerPoint.	  	  
Movie	  S3.	  Live	  imaging	  example	  of	  WT	  neuron	  migrating	  on	  a	  process	  emanating	  from	  a	  week	  5	  WT	  organoid	  (Related	  
to	  Figure	  3)	  
Phase contrast images were captured at 30-minute intervals over three days. Scale bar=50µm. 	  	  
Movie	  S4.	  Live	  imaging	  examples	  of	  MDS	  neurons	  migrating	  on	  processes	  emanating	  from	  week	  5	  MDS	  organoids	  
(Related	  to	  Figure	  3)	  
Phase contrast images were captured at 30-minute intervals over three days. Scale bar=50µm. Different color beads were 
added in PowerPoint to facilitate easier visual tracking of individual cells. In the first segment, an example from MDS-
derived organoid is shown, where many cells can be seen initiating migration and then stalling on the processes. In the 
second segment, MDS rescue line-derived organoid is shown (from a spontaneous rescue case involving MDS with ring 
chromosome 17), where stalling on processes was not observed. 
 
Movie	  S5.	  Live	  imaging	  examples	  of	  WT	  and	  MDS	  oRG-­‐like	  cell	  divisions	  in	  week	  10	  organoids	  (Related	  to	  Figure	  6)	  
CMV-GFP adenovirus-labeled cells were captured at 15-minute intervals over three days. Scale bar=30µm. Annotations 
were added in PowerPoint.	  
	  	  
